INTRODUCTION

S
ite response, or the site specific amplification of ground motion as a function of frequency, is a fundamental component of earthquake hazard assessment. Site response is also a desired component of any regional seismic hazard map. Previous site response studies in Los Angeles include Campbell (1976) , who showed that damage during the 1933 Long Beach earthquake was greater for sites on unconsolidated soils than at sites on consolidated soils, for a given distance from the NewportInglewood fault zone. Rogers and others (1979) calculated site response in Long Beach using spectral ratios of Nevada Test Site (NTS) nuclear events. They found amplification factors as high as 11 in the frequency band from 0.16 to 5.0 Hz for alluvium-to-rock ratios. This work was continued by Rogers and others (1980 Rogers and others ( ,1984 Rogers and others ( ,1985 to include additional sites in the Los Angeles area. They confirmed that low strain records from NTS nuclear events gave similar site response estimates as strongmotion records from the 1971 San Fernando earthquake. Their results show elevated site response at frequencies greater than 2.0 Hz with increased mean void ratio in the near-surface layers, unconsolidated sediment thickness, and depth to basement rock. At frequencies less than 2.0 Hz, the most significant factors were reported to be thickness of Quaternary sediments and the depth to basement. The 1994 Northridge earthquake greatly increased the available ground-motion data for the urban Los Angeles area from which site-response estimates can be made. Recordings of this earthquake and its aftershocks have also greatly increased our understanding of the variability in site response over widely different length scales; from one city block to across entire sedimentary basins. In addition, instrument deployment for the Northridge earthquake targeted several specific areas of severe damage and compared them with low or nondamaged areas. This expanded data set has led to the feasibility of creating site-response maps for the Los Angeles area.
DATA
T he data for this study are recorded earthquake ground motions. We use both aftershock and main-shock records to increase the size of our database. Deployment of portable digital recorders after the 1994 Northridge earthquake yielded an extensive collection of aftershock records for a wide variety of surficial geologic units (Meremonte, 1996; Glassmoyer, 1996) . Figure 1 shows the distribution of portable recorders and he method used to calculate site response is described in detail in two papers: Hartzell and others (1996) for the aftershock records, and Harmsen (1996) for the mainshock records. These two data sets present their own individual processing problems that are handled separately and described in the above papers. The general process, however, is relatively simple and is summarized here. The S waves from the above data records are first transformed to the frequency domain using a fast Fourier transform. Then, following Andrews (1986), the S-wave spectrum, U(f), for source i and site j is decomposed as
were S(f) is the source spectrum, R(f) is the site spectrum, P(f) is the path spectrum, f is frequency, and r is the source to station distance. General assumptions are made about the nature of P(f,r), including 1/r attenuation with distance and an elastic attenuation, Q(f). Incorporating these propagation path effects and taking the logarithm of both sides gives the linear expression log Si(fk ) + log Rj(fk ) = log where U'(f) is the path-corrected S-wave spectrum. Linear least squares analysis can then be used to solve for the best-fitting source and site terms. Averages are then taken over frequency bands of R(f) for each site to obtain the site amplification factors. Two frequency bands are selected, 0.5-1.5 Hz and 2.0-6.0 Hz, on the basis of the bandwidth of the available ground-motion data. Main-shock records with suspected nonlinear effects have been omitted from the analysis.
The aftershock and strong-motion data results must be normalized with respect to each other. In the above analysis, a reference site is selected to remove a fundamental degree of freedom in the problem. The site response at this reference site must be specified. To accomplish the normalization, we select a common reference site for both the aftershock and main-shock record analysis. We choose one of the most competent rock sites in our database and assume its amplification is approximately 1 at all frequencies. This site is the Encino Reservoir Dam, ER1 in the aftershock data set (table 1) and ERD in the mainshock data set (table 2). These two stations are separated by approximately 20 ft.
SPATIAL CONTINUATION OF SITE RESPONSE
G iven the point determinations of site response at each of the recording sites, a method is needed to spatially continue these values to produce a map. Surficial geology and shallow S-wave velocity are logical means of interpolating and extrapolating our point values of site response.
The correlation of larger ground motion with less competent surficial material and lower S-wave velocity has long been observed and used in studies of site response (Borcherdt, 1970 (Borcherdt, ,1994 Boore and others, 1993,1994; Joyner and Fumal, 1984; and Harmsen, 1996) . In the work of Hartzell and others (1996) and Harmsen (1996) , however, significant variations in site response are observed for the same mapped surficial geologic unit, particularly within the young basin sediments (factor of 2 in amplitude within a few hundred meters). These results reflect the fact that shallow S-wave velocities vary significantly within these sediments (Williams and others, 1996; Harmsen, 1996) and buried structures such as folds and mini-basins focus and defocus energy at the surface. Because of these variations in S-wave velocity and the sparseness of the S-wave data set, S-wave velocity is presently not a feasible means of spatially continuing our site amplification values. For this report we have chosen a compromise by calculating average site amplification values for Mesozoic and Tertiary rocks and Pleistocene and Holocene alluvium, as well as contouring the amplification values within the more spatially variable sedimentary basins. With minor corrections to the extent of the hard-rock units, we use the surficial geology of Tinsley and Fumal (1985) . Table 3 lists the average amplification values for the four ages (Mesozoic, Tertiary, Pleistocene, and Holocene) and for the two frequency bands 0.5-1.5 Hz and 2.0-6.0 Hz. Two different averages are given: (1) the geometric average of all sites within the indicated surficial geologic unit, and (2) the value predicted by a regression relationship between shallow S-wave velocity and site amplification obtained by Harmsen (1996) . For the second case, we use the arithmetic average of the S-wave velocity in each geologic unit. Because of variability within a rock type and possible topographic amplification at some sites, the average Mesozoic values are not all 1. We therefore normalize the amplifications contoured on the maps and lists in tables 1, 2, and 3 so that the average Mesozoic values are 1. (The pre-normalization values for Mesozoic units are: 1.4 (2.0-6.0Hz, average #1), 1.9 (2.0-6.0Hz, average #2), 1.0 (0.5-1.5Hz, average #1), 1.3 (0.5-1.5Hz, average #2).)
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ACCESSING DIGITAL FILES OF
